Isolated sugarcane (Saccharum spp. hybrid H50-7209) vacuoles incorporate radioactivity during incubation with labeled UDP-glucose by a mechanism which was postulated to be responsible for sucrose storage in the vacuoles (UDP-glucose group translocator). Analysis of the reaction products in the medium revealed that several enzymic processes are going on during incubation with UDP-glucose such as production of hexose phosphates, UMP, and sugars, all of which seem unrelated to the incorporation of radioactivity into vacuoles. The incorporated radioactiv- (3) found a sucroseproton antiport system in sugar beet vacuoles and Thom and Maretzki (25) detected sucrose formation in sugarcane vacuoles by incubation of isolated vacuoles with UDP-glucose. They postulated a "UDP-glucose group translocator," a tonoplastbound enzyme complex that could achieve formation offructose-6-phosphate from UDP-glucose and subsequently a vectorial synthesis of sucrose-phosphate from the generated fructose-6-phosphate and UDP-glucose. This postulated mechanism of sucrose storage in sugarcane vacuoles attracted much attention because it constituted an entirely new type of transport through membranes. Furthermore, the operation of this mechanism in sugar beet vacuoles was also shown (8, 23) .
The vacuoles are a preferred compartment for storage (12) , sucrose accumulation occurs in sugar beet and sugarcane vacuoles. Briskin et al. (3) found a sucroseproton antiport system in sugar beet vacuoles and Thom and Maretzki (25) detected sucrose formation in sugarcane vacuoles by incubation of isolated vacuoles with UDP-glucose. They postulated a "UDP-glucose group translocator," a tonoplastbound enzyme complex that could achieve formation offructose-6-phosphate from UDP-glucose and subsequently a vectorial synthesis of sucrose-phosphate from the generated fructose-6-phosphate and UDP-glucose. This postulated mechanism of sucrose storage in sugarcane vacuoles attracted much attention because it constituted an entirely new type of transport through membranes. Furthermore, the operation of this mechanism in sugar beet vacuoles was also shown (8, 23) .
According to the postulated scheme of Thom and Maretzki (25) no reaction that required transmembrane energization of the tonoplast was involved, neither a pH-gradient nor a membrane potential. On one side, addition of sucrose in presence of MgATP to vacuoles from sugarcane stalk gave barely perceptible uptake of sucrose (14) , while on the other hand MgATP even inhibited the UDP-glucose group translocator (26) . The delicate coexistence of tonoplast energization by the ATPase (22) and sucrose storage by the UDP-glucose group translocator was puzzling, especially in the case of sugar beet vacuoles, where the coexistence of the proton-driven sucrose-proton antiport system and the UDP-glucose group translocator was visualized (23) . Therefore, as a first step to obtain ideas about the mutual interaction of energization and sucrose storage, a careful analysis of the reaction products, which are produced by incubation of sugarcane vacuoles with UDP-glucose, was performed.
MATERIALS AND METHODS
Isolation of Protoplasts and Vacuoles. Protoplasts were isolated from 8 -to 1 -d-old sugarcane suspension cells (a subclone of Saccharum spp. hybrid H50-7209 grown in supplemented White's basal salt medium) as described by Thom et al. (24) and suspended in White's basal salt medium containing 0.5 M mannitol at pH 5.6. For isolation of vacuoles, the protoplast suspension was layered over a cushion of 12% Ficoll made up in protoplast suspension medium and centrifuged for 1 h in a Kontron TST 54 Rotor at 45,000 rpm. Vacuoles were recovered at the 0/12% Ficoll interface and washed three times in White's basal salt medium containing 0.5 M mannitol at pH 6.5. Uptake Measurements. For uptake measurements, vacuoles were suspended in White's basal salt medium plus 0.5 M mannitol and the suspension was adjusted to a protein concentration of about 0.5 mg ml-', as determined by the method of Bradford (2) . Uptake measurements were done in the same medium, usually containing 2 mm CaCl2 and 5 mM MgCl2 on a rotary shaker at 25°C. Uptake was initiated by addition of radioactive UDP-glucose. Effectors were added immediately prior to addition of the labeled substrate. Vacuoles were separated from the medium by centrifugation through silicone oil. Aliquots of the medium were boiled for 2 min immediately after centrifugation. Vacuoles were suspended in 70% ethanol or water and then heated for 2 min. Aliquots of the resuspended vacuoles and of the medium were used for scintillation counting (5 g 2,5-diphenyloxazole, 100 g naphthalene in 1 L dioxane).
Preparation of '4C-Labeled UDP-Glucose. (4, 5) . Fractions were monitored for UV-absorption and radioactivity. The UDP-glucose fraction was concentrated by absorption on charcoal, followed by elution with 50% ethanol containing 1% ammonia.
After neutralization with HCI the UDP-glucose was further concentrated by evaporation. The purity of UDP ['4C]glucose was tested by PEP-paper chromatography or TLC on PEI-cellulose foils (Sigma).
Chromatography of Products. Nucleotides in the medium were identified by paper chromatography on PEI-impregnated Whatman No. 1 cellulose according to the method of Verachtert et al. (27) . Chromatograms were first developed with water, dried, and then developed with 0.4 M LiCl. Unlabeled reference nucleotides were applied together with the labeled samples and localized with a UV-lamp. The spots were cut and radioactivity was determined by scintillation counting.
Products in the medium after incubation with UDP-glucose 14C labeled in glucose were chromatographed on PEI-cellulose ready foils from Sigma. In the first development with water, mannitol and free sugars migrate with the front, while in the second elution with 0.4 M LiCl, sugar phosphates are separated from UDP-glucose.
Radioactive spots were detected by scanning the plate with a Berthold TLC scanner and were counted with a Geiger tube (Berthold). Extraction of vacuoles was made with hot water or ethanol. Vacuoles were incubated for 1 h at 60°C either in H20 or 70% ethanol and centrifuged for 5 min in a microfuge. For determination ofincorporated products, the soluble extracts were concentrated and spotted on Avicel ready foils (Schleicher & Schull). Thin layers were developed three times either in ethylacetate-pyridine-water (100/35/25) for ethanol extracts or nbutanol-ethanol-water (3/2/2) for water extracts (9) . Both water extracts and ethanol extracts were also chromatographed on Avicel in n-butanol-acetic acid-water (4/1/5 upper phase). Radioactive bands were localized with the TLC scanner and counted. For detection of unlabeled sugars the TLC-foils were sprayed with aniline-diphenylamine-phosphoric acid spray reagent (9) .
Enzymic Treatment of Extracts. Labeled compounds in the vacuolar extracts were treated with alkaline phosphatase (Sigma, bovine intestinal mucosa), invertase (Serva, yeast), Onozukacellulase (Serva), cellulase from Trichoderma viride (Worthington), a-amylase (Boehringer),,3-glucosidase (Sigma), or laminarinase (Sigma). Incubation with enzymes was usually for 60 min at 38C. Ethanolic extracts were evaporated to dryness and dissolved in water before enzymic treatment. Incubation with alkaline phosphatase was made in 20 mm ethanolamine buffer, pH 9.6, containing 1 mm MgCl2. When phosphatase treatment was followed by incubation with invertase the pH was adjusted to 5.0 with HC1 and incubation was continued for another 60 min. The incubations with other enzymes were in sodium acetate, pH 5.0. Incubation with enzymes was terminated by boiling the samples for 2 min. Samples were centrifuged in a microfuge and the supernatants were concentrated and spotted on TLCfoils. Specificity of the polysaccharide-hydrolyzing enzymes was tested under the same conditions using commercial substrates. Cellulose MN 300 (Macharey and Nagel), lichenan (Sigma), laminarin (Sigma), and soluble starch (Fluka) were used at concentrations of 2.5 mg ml-'. Liberation of reducing sugars from these substrates was measured by the method of Nelson (16) (21) . This uridine-nucleotide phosphatase was inhibited by pyrophosphate (Fig. 3) . If pyrophosphate was used to inhibit UDP-hydrolysis in the UDP-glucose incorporation experiments, there was a very rapid decrease in UDP-glucose and an equally rapid increase in UTP, UDP, and UMP (Fig. 4) . The greatly increased rate of UDP-glucose consumption, resulting in UTP and sugar phosphate, seems due to a UDP-glucose pyrophosphorylase. UDP was the major uridine nucleotide produced, but still there was much UMP. Addition of UDP or UTP was found to inhibit the conversion of UDPglucose to sugar phosphates (data not shown).
Because a large proportion of UDP-glucose was already converted by enzymic reactions unrelated to the group translocator, it was not possible to elaborate the fate of the uridine part of those UDP-glucose molecules of which the glucose part was incorporated into the vacuoles. 
Products of UDP-I'4C]Glucose Incorporation into the Vacu-
oles. Incubation of isolated sugarcane vacuoles with UDP-glucose, which was '4C-labeled in glucose, yielded a time-dependent incorporation of label into the vacuoles (Fig. 1) . Incubation with UDP-['4C]glucose, which was labeled in the uridine, gave no incorporation of label (Fig. 2) (25) . Eighty percent of the radioactivity in the vacuoles could be extracted with hot water, 15 to 30% with hot ethanol (this figure varied considerably from preparation to preparation).
The ethanol-insoluble label could be solubilized by incubation with cellulases in a mixture as used for preparation ofprotoplasts; the label then appeared solely in glucose.
TLC chromatography of the water-soluble fraction and the ethanol-soluble fraction revealed at least eight labeled bands (Fig.  5) . One band appeared at the solvent front (sometimes very faintly), suggesting a lipophilic compound (6) . Next seemed to be glucose, then sucrose, hexotriose, tetraose, and up to heptaose (at least according to the distance from the origin) and a spot remaining at the origin. Sephadex G 50-50 chromatography of the water-soluble radioactivity revealed a broad distribution of labeled compounds with the majority of label from mol wt 300 to 1100 (disaccharide to heptasaccharide), but also some largei compounds (up to mol wt 5000 The enzymic treatment of extracts was as described in "Materials and Methods." In one treatment (last column), the vacuoles were sedimented through silicone oil into 1.5 M perchloric acid; before extraction, the vacuolar pellet was neutralized with NaOH.
"oligosaccharide fraction" disappeared, and the glucose spot increased. Incubation with ,8-glucosidase or cellulases shifted practically all radioactivity to the place of glucose; fructose did not appear (Fig. 5 and Tables II and III) . The labeled bands were glucose and oligomers containing glucose.
Of special interest was the disaccharide band, which, according to the location, had previously been identified as sucrose (25) . Treatment of the extracted radioactivity with invertase (with or without preceding treatment with phosphatase) did not convert the disaccharide to hexoses, though the nonlabeled sucrose in the very same vacuolar extract was totally hydrolyzed by this treatment (Fig. 5) . In contrast, incubation with ,B-glucosidase, which converted nearly all labeled bands to glucose including the disaccharide (Fig. 5, Table II ), did not hydrolyze the unlabeled sucrose of the extract. The disaccharide, therefore, was a i3-glucoside, either laminaribiose-( 1 -3)-fl, cellobiose-( 1--4)-,, or gentiobiose-(1 --*6)-,3. From chromatographic behavior, it was clearly laminaribiose, because cellobiose and gentiobiose are significantly less mobile in this solvent system (data not shown). The oligosaccharides (n = 3-7) also seemed to contain ,3-(1-+3)-glycosidic bonds, because laminarinase, which splits (1-.3)-,Bglucans to mono-and disaccharides, does so similarly with the labeled compounds extracted from the vacuoles (Table II, Fig.  5) .
Basically, the water extract showed the same composition as the ethanolic extract, though a larger proportion of the high mol wt compounds seemed to be insoluble in ethanol and, consequently, a lower percentage of mono-, di-, and trisaccharides and phosphate esters were found in the water extract (Tables II and  III) . From these analyses, it can be concluded that incubation of (Table IV) . The effect of Ca2" was smaller than reported in the literature, but it has to be remarked that no calcium complexing compound was included in the control preparation. Pyrophosphate inhibited glucose incorporation because of the decrease of UDP-glucose concentration by UDPglucose pyrophosphorylase (Fig. 4) . The inhibitory effect of pyrophosphate and UDP was additive. According to these properties, most likely glucan synthase II is responsible for glucose incorporation from UDP-glucose by sugarcane vacuoles. Glucan synthase II is reported to synthesize higher oligomers and polymers, but not di-and trisaccharides, which are found only as degradation products ofthe polymer (7) . The question, therefore, was whether the vacuolar preparation really synthesized laminaribiose and the small oligomers. It could be imagined that the sedimentation of vacuoles by silicone oil centrifugation liberated intravacuolar ,3-glucosidase, which partly degraded the freshly labeled polymer to small oligomers during the small time span between sedimentation and extraction (approximately 2 min). Therefore, vacuole sedimentation into perchloric acid was per- 21 UDP formed, and the water-extractable compounds were then chromatographed. In that treatment, hardly any labeled laminaribiose or small oligomers were detected (Fig. 5) . Nearly all extractable label was in the polymer at the origin of the thin layer (Fig. 5) .
Glucan synthase II is reported as a typical plasmalemma enzyme, not a tonoplast enzyme (17) . Since the preparation of sugarcane vacuoles contains significant contamination from plasmalemma (24) , it was determined by aniline blue staining whether callose-like material is found in the preparation, and where it is. Figure 6 demonstrates that the fluorescence was solely found in the cap-like membranous lumps on the vacuoles and was not homogenously distributed over the vacuolar surface, as would be expected for a tonoplast-bound compound. 
